experiences more accurately than sleep replay (e.g., Tang et al., 2017) . Thus, replay of hippocampal ensembles is controlled not only by the local network, but also by global brain states that presumably involve circuits outside hippocampus. Indeed, cortical activity has been shown to respond to and influence replay activity in the hippocampus (Tang and Jadhav, 2018; Tang et al., 2017; Yamamoto and Tonegawa, 2017) . Therefore, several fascinating questions still remain to be addressed here: for example, how do external networks coordinate with the hippocampus during memory replay, and how do extra-hippocampal contributions influence the reactivation of ensembles in the hippocampus?
In light of the remarkable results from Ramirez-Villegas et al. (2018) , the orchestra in the hippocampus has been further unveiled, with a sophisticated coordination mechanism that involves thousands of neurons during SWRs. This study further cements the status of SWRs as one of the best understood network rhythms in the mammalian brain, both at the level of cellular and synaptic mechanisms and for network-level synchronization and generation of sequential replay of cell assemblies. The fundamental architecture and key principles laid out by this study will inspire future investigations on how widespread brain networks engage in this spectacular symphony called sharp-wave ripples.
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As neuroscientists, we raise and test hypotheses about the cells, circuits, and dynamics that we suspect underlie specific perceptions and behaviors, and formulate models based on the results. While extremely valuable, this approach is inherently biased; a prediction is made a priori about the pathways and circuits involved, and they are analyzed in a spe-(OKR), an innate oculomotor behavior required for image stabilization whenever the head or eyes move (Simpson, 1984) (Figure 1 ). The OKR is an attractive visual behavior to employ in this context because it can be induced repeatedly with relatively minimal fatigue or habituation and does not require any learning or pre-training. What Macé et al., (2018) discovered offers several new themes and theories of sensory-motor transformation as well as an unsuspected role of eye movements in the suppression of circuits involved in fear and threat detection, the latter of which may have implications for treatment of trauma and anxiety disorders.
Functional magnetic resonance imaging (fMRI), positron emission tomography (PET), and optical imaging are commonly used neuroimaging approaches to obtain whole-brain ''unbiased'' measures of brain activity. Both fMRI and PET provide excellent depth penetration but do not offer spatiotemporal resolution high enough to capture transient episodes such as seizures or rapid circuit-specific gain changes. In addition, they vary in their capacity to detect suppressions to neural activity. Macé et al., (2018) employed a functional ultrasound imaging system with high spatiotemporal resolution (Macé et al., 2011) that, similar to blood-oxygenlevel-dependent (BOLD)-fMRI and optical imaging techniques, is based on the neurovascular coupling.
Previously, functional ultrasound has been used to acquire complex 3D brain structures responding to olfactory and visual stimuli in anesthetized rodents (Osmanski et al., 2014; Gesnik et al., 2017) . Recently, this system was also used in awake, freely moving rats, using miniaturized and motorized ultrasonic probes (Sieu et al., 2015; Urban et al., 2015) . Macé et al. (2018) explored the functional resolution of the ultrasound approach by measuring retinotopic maps in the brain of a mouse viewing directionally drifting bars. Functional ultrasound imaging allowed mapping of the retinotopic organization within the visual cortex and the superior colliculus down to a spatial reso-lution of less than 100 mm, which, for the mouse, represents a very small region of visual space. Next, the authors examined the brain areas showing activity changes to OKR in wild-type mice. They found that hemodynamic signals increased in 83 brain regions. Some of those are areas well known to respond to OKR, midbrain oculomotor nuclei, cerebellar nuclei, etc. (Simpson, 1984; Dhande et al., 2013) , but others were completely unsuspected. Especially intriguing was that the basolateral amygdala (BLA)-a region involved in threat detection and ''fear''-showed a robust decrease in hemodynamic signals during OKR. The BLA has long been associated with the internal states (e.g., arousal, emotion, and motivation) and is not generally associated with OKR.
The authors recognize that one key limitation of functional ultrasound imaging is that it yields indirect information about brain neuronal activity via changes of cerebral blood volume in the microvasculature. For instance, even in the absence of decreased neuronal activity, other factors such as vasoconstriction can locally reduce hemodynamic responses. To clarify this issue, they carried out electrode recordings of neuronal spiking activity in the primary visual cortex and amygdala, two brain structures that had shown increased and decreased hemodynamic signals, respectively. The polarity of the spike rate changes recorded with electrodes matched the polarity of changes in hemodynamics (e.g., decreased in the BLA). This supports the idea that functional ultrasound imaging is a reliable method for screening whole-brain activity to identify neural substrates related to sensory experiences or driving certain behaviors.
Next, the authors categorized the brain regions responding to OKR into distinct functional groups-''clusters'' and ''modules.'' First, clusters were determined by a comparison between gratings drifting either horizontally or vertically. Cluster 1 contained the brain regions activated by both horizontal and vertical motion, and areas such as the visual cortex, dorsal lateral geniculate nucleus (dLGN), and superior colliculus (SC). The brain regions preferentially activated or suppressed during horizontal visual motion were then defined as cluster 2 and cluster 3, respectively. Consistent with the results explained above, the activity suppressed regions of cluster 3 were mostly in the amygdala complex (Figure 1) .
To assess the ways in which various brain regions are recruited during the sensory-motor transformation, from the first steps of detecting the visual stimulus (gratings) all the way to the endpoint of the eye movements (OKR) themselves, the authors categorized the activated brain regions into different functional modules for sensation, sensory-motor transformation, and motor output. First, the authors compared ultrasound imaging in the brains of wild-type mice to a transgenic mouse model of congenital nystagmus (FRMD7 tm mice) that lack the horizontal optokinetic reflex due to a defect in direction-selective responses of specific RGCs (Yonehara et al., 2016) . These mice can't sense directional stimuli, and imaging their brains should remove the direction-sensing component of brain activation. Second, the authors imaged mice exposed to drifting gratings but in which eye movements were blocked (referred to as ''eye-blocked''). In those mice, retinal direction selectivity is intact, but the sensory feedback and resetting saccades of OKR can't occur. Third, they imaged a mouse model of eye motion perturbation in which sensory-motor transformation is altered by anesthesia. Activity mapping with ultrasound detected all brain regions with changes in hemodynamic activity during visual stimulation to a stimulus of drifting gratings. Eighty-seven regions changed their activity, and four regions-located predominantly in the amygdala complex-decreased their activity.
By comparing responses of brain activity to horizontal drifting gratings in between FRMD7 tm , eye-movement-blocked, and anesthetized mice, the authors classified three functional modules: (1) RI, reflex independent; (2) RDMD, reflex dependent, motor dependent; and (3) RDMI, reflex dependent, motor independent. The RI module included mostly well-known visual regions (visual cortex, dLGN, SC, etc.) . However, the responses were generally lower than those of wild-type uncompromised mice, indicating that some regions involved in OKR evoke less activity to moving visual scenes across the retina when the eye motion is absent. The RDMD module encompassed unresponsive regions in all three perturbed conditions, suggesting that these regions respond only when the whole OKR pathway is functional. This module consists of 55 regions across the brain, including amygdala, which showed decreased activity to gratings drifting in any of the four cardinal directions.
The RDMI module represents functional regions involved in the OKR but independent of eye motion. Although both eye-blocked and anesthetized conditions disrupt eye motion, regions of the RDMI module from anesthetized mice were all inactive, indicating that anesthesia blocks the OKR at an early stage of the sensory-motor transformation. Interestingly, nearly all 12 regions activated in this module were localized to two subregions of the thalamus: central thalamus, which processed eye motion signals, and the anterior thalamus, which processed head direction signals. Based on that discovery, the authors suggest that anterior thalamus might link the OKR and head direction computations.
There are some important technical considerations of the ultrasound imaging approach as applied in this study. First, it collects coronal-image planes sequentially, which takes a long time to cover the whole brain-up to 6 hr. The OKR behavior doesn't degrade with repetition, but the performance of other behaviors can decay due to habituation, fatigue, or other physiological changes of awake, restrained mice, which could affect the results. The authors were careful to check that the speed of eye movement was stable over the course of a 6 hr scanning. To help overcome this issue, the authors also designed and implemented a ''fast whole-brain scan'' approach. Using this paradigm, the whole brain was scanned in 14 min, and coronal image planes were obtained in a randomized order along the anterior-posterior axis. Even with this fast method, images were obtained with the same high spatial and temporal resolutions and with six repeats per image plane.
The amygdala suppression by eye movements is surprising, but a recent study using fMRI found similar results in humans (de Voogd et al., 2018) . This raises interest in the possible validity of EMDR (eye movement desensitization reprocessing) therapies for trauma, because they are based on using lateralized (OKRlike) eye movements during recall of traumatic episodes. More mechanistic work is clearly needed in this area, but the findings of Macé et al. (2018) lend to growing evidence that eye movements can alter the state of the limbic system.
In conclusion, this study from the Roska laboratory (Macé et al., 2018) illustrates the power of whole-brain functional ultrasound imaging system as a tool for an unbiased way of screening the brain activity in awake, behaving mice. Combined with molecular, genetic, or pharmacological manipulations, this approach is sure to reveal the involvement of previously unsuspected brain regions in specific behaviors and help separate their sensory, integrative, and motor components.
